The effect of weakly electrolyzed water (anode water and cathode water) on the properties of Japanese wheat noodles was examined. Instrumental measurements and sensory tests of the cooked noodles revealed that noodles made by kneading wheat flour with anode water were harder and springier than those made by kneading wheat flour with tap water. This suggests that anode water provides a favorable texture to the cooked noodles. Anode water promoted the dissolution of gliadin and glutenin subunits which participate in the formation of gluten-matrix, so that the texture of cooked noodles was improved by kneading the wheat flour with this water. When noodles were cooked in either anode water or cathode water, they showed less springiness compared with those cooked in tap water. The use of either anode or cathode water for cooking changed the gelatinization condition of starch, which affects the texture of the cooked noodles.
We previously reported that the eating properties of rice (Kobayashi et al., 1996; Onishi et al., 2000) and bread (Onishi et al., 1999) were modified by using weakly electrolyzed water produced by electrolysis of tap water in the preparation. When weakly electrolyzed cathode water was used to cook aged rice grains, the cooked rice was softer and its stickiness increased to improve the texture. The breadcrumbs of bread made with weakly electrolyzed anode water had a higher elasticity than those of bread made with tap water, and the breadcrumbs of bread made with weakly electrolyzed cathode water were softer than those of bread made with tap water.
In addition to rice and bread, noodles are one of the staple foods of the Japanese. Preparation of noodles appears to be easily influenced by the characteristics of the water used in the preparation, because a great deal of water is used in the manufacturing process. Thus, in the present study, we chose Japanese wheat noodles (udon) which are made using only wheat flour and salt, and examined the eating properties of these noodles prepared with weakly electrolyzed water.
Materials and Methods
Materials Wheat flour (Shirotsubaki) for Japanese wheat noodles (udon) was obtained from Nisshin Flour Milling Co., Tokyo. Its protein, ash and water contents were 8.3, 0.4 and 14.3%, respectively. The only other ingredient was refined salt. Gluten and wheat starch were purchased from Wako Pure Chemical Industries, Ltd., Osaka.
Water From the viewpoint of practical use, we used tap water from Shizuoka City (pH 7.12Ϯ0.13) rather than distilled water in this study. Using an electrolyzing device, two kinds of weakly electrolyzed water (referred to as "electrolyzed water" hereafter) were obtained from the tap water, weakly electrolyzed anode water and weakly electrolyzed cathode water. The conditions for the electrolysis were: electrolyzing device, model HOX-40A, Hoshizaki Electric Co., Nagoya; electrolytic voltage, 50 V; electrolytic current, 2 A; temperature of tap water, approximately 20˚C. Weakly electrolyzed anode water (pH 3.44Ϯ0.04, referred to as "anode water" hereafter） was obtained from a positive electrolytic cell, and weakly electrolyzed cathode water (pH 9.55 Ϯ 0.09, referred to as "cathode water" hereafter) was obtained from a negative electrolytic cell.
Because the purpose of this study was to confirm the effectiveness of the anode and cathode waters in the preparation of Japanese wheat noodles, their pH values were adjusted to the minimum and maximum pHs available with the electrolyzing device, respectively.
Prior to the main study, the characteristics of the above waters were examined. The pH, oxidation-reductive potential (ORP), electric conductivity and the concentration of dissolved oxygen (DO) were measured using a pH meter (D-21, HORIBA, Ltd., Kyoto), ORP meter (HM-30V, DKK-TOA, Co., Tokyo), an electric conductivity meter (ES-14, HORIBA, Ltd.) and a dissolved oxygen meter (OM-12, HORIBA, Ltd.), respectively. Residual chlorine was measured by the O -tolidine method using a residual chlorine meter (Shibata Scientific Technology, Tokyo). The cation (chloride and nitrate) concentration was measured with an ion chromatograph (Model CRB, Dionex Co., CA) and anion (potassium, calcium, magnesium and sodium) concentration with an atomic absorption spectrometer (XZ-5300, Hitachi, Ltd., Tokyo). Three independent measurements were made for each sample and the results were expressed as a mean Ϯ standard error.
Compared with tap water, the anode water had a low pH, high ORP, high DO and a large amount of the anions chlorine and nitrate, and the cathode water had a high pH, low ORP, low DO and a large quantity of the cations sodium, potassium, magnesium and calcium (Table 1) . Both anode and cathode waters had higher electric conductivity and lower residual chlorine than tap water.
Preparation of Japanese wheat noodles Salt (5.6 g) was dissolved in tap water, anode water or cathode water (95.2 ml). Wheat flour (280 g) and the salt solution (100.5 g) were kneaded with an automatic home bread maker (SD-BT 100, Matsushita Electric Co., Osaka) for 10 min. The kneaded dough was wrapped in polyethylene film and left for 60 min at 20˚C. Then, the dough was rolled 6 times to a final thickness of 2.5 mm with a pasta making-machine (Tipo Lusso SP-150, Industria Prodotti Stampati, Torino), and cut into 200 ϫ 4.5 mm pieces with an attachment-cutter (uncooked noodles). The noodles (250 g) were cooked in boiling tap water, anode water or cathode water (1700 ml) on high heat for 10 min followed by low heat for 10 min. After boiling, the cooked noodles were separated from cooking water by a stainless steel strainer, and cooled by running tap water for 1 min. The cooked noodles were filtered through a Buechner funnel for 1 min in order to remove the extra moisture, and tested.
pH The pH value of the central portion of the cooked noodles was directly measured with a pH meter (HM-30V, DKK-TOA, Co.), equipped with a needle electrode (GST-5424C). Ten independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Water uptake The uncooked and cooked noodles were weighed, and their water uptake during cooking was expressed as the resulting weight increment. Five independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Water content The cooked noodles were dried at 135˚C for 3 h to determine the water content. Five independent measurements were made for each sample and the results were expressed as the meanϮstandard error. . Ten independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Measurement of color index
Degree of gelatinization The noodles were collected immediately after cooking and finely ground in cold ethanol and cold acetone in a mortar with a pestle to obtain a dehydrated powder sample. The degree of gelatinization of the resulting samples was estimated by the ␤-amylase-pullulanase method (Kainuma et al., 1981) . Three independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Texture measurement Hardness, stickiness and springiness of the cooked noodles were measured with a Texturometer (GTX-2, Zenken-General Foods Co., Tokyo) by a slight modification of the method of Hirata and Iyama (1985) . The conditions for measurement of hardness and stickiness were as follows: sample size, 2 pieces (length of 10 mm); plunger, column made of Lucite (30 mm in diameter); clearance, 0.3 mm; compression speed, 6 times/min. Other conditions for measurement of springiness were as follows: sample size, plunger and compression speed, were similar to those for the measurement of hardness and stickiness; clearance of the first and second compression were 2.3 mm and 1.32 mm, respectively. The compression was conducted twice, covering with polyethylene film (thickness of 0.01 mm) to avoid adhesion of the sample to the plunger. Springiness was calculated from the ratio of the positive peak area of the second compression to that of the first compression. Ten independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
Sensory test The sensory test was carried out by a panel of 12 female students (20-23 years old). Seven properties of the cooked noodles (whiteness, hardness, crispiness, chewiness, smoothness, taste and overall judgment) were evaluated using a seven-grade rating scale from ϩ3 (positive) to Ϫ3 (negative). The cooked noodles which had been kneaded with tap water were used as the control (zero value). The results were expressed as the meanϮstandard error of scores.
Scanning electron microscopic observation Uncooked noodles (5 mm long) were frozen in liquid nitrogen and lyo- philized. According to the method of Kojima et al. (1992) , the lyophilized sample was fixed with a 4% solution of glutaraldehyde and its starch was partially hydrolyzed by immersion in a 0.1% solution of ␣-amylase (10ϫ10 4 DUN/g, Nagase Chemtex Co., Osaka) for 2 days at 35˚C. The hydrolyzed sample was washed with distilled water, and frozen in liquid nitrogen and lyophilized. The resulting sample was divided into two pieces vertically, and coated with platinum using an ion sputter (E-1030, Hitachi, Ltd.). Each section was observed with a scanning electron microscope (S-4500, Hitachi, Ltd.) at an acceleration voltage of 5 kV and 1000-fold magnification.
Amount of soluble wheat protein Wheat flour (3 g) was added to tap water, anode water or cathode water (30 ml) and stirred gently for 60 min at 20˚C. The mixture was centrifuged (19,000Ϯg, 20 min) and the protein content of the supernatant was measured by the method of Bradford (1976) using a protein assay kit (Kit I, Bio-Rad Laboratories, Richmond) with bovine serum albumin as a standard protein. Five independent measurements were made for each sample and the results were expressed as the meanϮstandard error.
SDS-PAGE The supernatant obtained by the above extraction process was lyophilized, and analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on a gradient gel (polyacrylamide concentration of 5-20%) by the method of Laemmli (1970) . SDS-PAGE molecular weight standards (Broad range, Bio-Rad Laboratories, California) were used as a molecular weight marker. Coomassie brilliant blue R-250 (Sigma Chemical Co., St. Louis) was used as a staining reagent.
Measurement of pasting property The pasting property of wheat starch was measured with a Rapid visco analyzer (RVA-4, Newport Scientific Pty., Ltd., Warriewood) by the method of Batey et al. (1991) . Wheat starch (3.5 g) was suspended in tap water, anode water or cathode water (25 ml). The suspension was agitated at 960 rpm for 10 s at 50˚C and heated to 95˚C at a rate of 12.1˚C/min while stirring at 160 rpm. After stirring at 160 rpm at this temperature for 2.5 min, it was cooled to 50˚C at a rate of 11.8˚C/min. Three independent measurements were made for each sample and the results were expressed as the meanϮstan-dard error.
Statistical analysis Comparisons of two means were made by Student's t-test (Fisher, 1958) .
Results and Discussion
Effect of weakly electrolyzed water used for kneading wheat flour on the properties of cooked noodles Tap water was used to cook the noodles to determine the effect of electrolyzed water used for kneading wheat flour on the properties of the cooked noodles. As shown in Table 2 , the water uptake and water content of the cooked noodles made with anode and cathode water were not significantly different from that of the noodles made with tap water.
The pH values of the noodles made with anode water and tap water were slightly acidic, but no significant difference was observed between them. On the contrary, the pH value of the noodles made with cathode water was alkaline. This factor will be further examined in the future.
The color index of the noodles made with anode water was not significantly different from that of those made with tap water. The ϩb * value indicating the yellow color was significantly higher when cathode water was used compared with tap water. This fact suggested that the flavonoid compounds contained in wheat became yellowish in high pH cathode water. The difference in color between the cooked noodles made with cathode water and tap water may be noticeable to the consumer, because the ⌬E * ab value indicating the color difference between them (2.6) was over 2.5 of recognition threshold (Nayatani, 1993) .
The degree of gelatinization of the noodles made with anode water, cathode water and tap water approximated 100%, and no significant difference in values was seen among the samples.
In food with a bland taste like Japanese wheat noodles, physical properties such as texture are important factors determining the palatability. The texture parameters of the noodles made with cathode water did not significantly differ from those made with tap water. The hardness and springiness values of the noodles made with anode water were significantly higher than those of the noodles made with tap water. Since the Japanese preference is for springy wheat noodles, there is an advantage in using anode water for kneading. No significant difference in stickiness value was seen between the samples made with electrolyzed water and tap water.
Sensory test of cooked noodles made by kneading wheat flour with weakly electrolyzed water Next, we examined the sensory characteristics of the cooked noodles made by kneading wheat flour with electrolyzed water; the sensory test was carried out using the cooked noodles made by kneading wheat flour with tap water as a control (zero value). Table 3 shows the sensory scores of the noodles made with anode and cathode waters in comparison with those with tap water. Whiteness after cooking was significantly scored positive in the noodles made with anode water, though no significant difference was observed in the color index between those made with anode water and tap water. Hardness and chewiness (resistance to the teeth) of cooked noodles were significantly scored positive in noodles made with anode water. This fact was consistent with the results of texture measurement, that is, the noodles made with anode water were harder and springier than those with tap water. Smoothness of cooked noodles was significantly scored positive in those made with anode water. The overall judgment was scored significantly positive, indicating that the use of this water improved noodle palatability. On the contrary, the mean score of all items was negative when cathode water was used; especially, crispiness and taste were significantly scored negative. No significant difference in the score of overall judgment was seen between noodles made with cathode water and tap water, indicating that use of the former for kneading wheat flour did not improve the palatability.
From the data obtained by instrumental measurement and sensory test, we concluded that the use of anode water to knead wheat flour was effective in improving the eating qualities of Japanese wheat noodles. On the contrary, the effect was not clear when cathode water was used for kneading wheat flour.
Effect of weakly electrolyzed water used for kneading wheat flour on the texture of cooked noodles Next, we examined the effect of electrolyzed water (especially anode water) used for kneading wheat flour on the texture of the cooked noodles. In our previous report on bread making (Onishi et al., 1999) , we clarified that electrolyzed water affects the formation of glutenmatrix. The main material of Japanese wheat noodles is also wheat flour. Then, we compared the microstructure and the solubility of wheat protein in the uncooked noodles made with electrolyzed water with those made with tap water to compare the formation of gluten-matrix. The uncooked noodles with partially hydrolyzed starch granules were observed with a scanning electron microscope. As shown in Fig. 1 , the gluten-matrix in the uncooked noodles developed well with thick membranes in the noodles made with anode water as compared with those made with tap water, and the gluten membrane covered a part of the starch granules in the former. The structure of uncooked noodles made with cathode water was similar to that of the noodles made with tap water. However, the gluten membranes in the former were thinner than in the latter, and were partially fibrous, so that the covering of starch granules in the former was inferior to that in the latter.
The results showed that in the uncooked noodles made with anode water, the gluten-matrix was well developed, and in those made with cathode water, the gluten-matrix was weakened, as compared with that with tap water. The crispiness of the cooked noodle might be affected by the cathode water used for kneading wheat flour through a change in the formation of gluten-matrix.
Dissolution and dispersion of gliadin and glutenin and the formation of disulfide bonds by oxidation are very important for the development of the gluten-matrix. Since the solubility of gliadin and glutenin changes the pH of solvent, we examined the effect of electrolyzed water on the solubility of wheat protein in the model test.
After adding tap water, anode water or cathode water to wheat flour and shaking, the amount of protein dissolved from the flour was measured. As shown in Table 4 , the amount of soluble protein was significantly larger in the anode water, and significantly smaller in the cathode water than in the tap water. The solubility of wheat protein might be changed through changes in the surface potential of protein due to either high or low pH of electrolyzed water. These results indicated that the low pH of the anode water was effective for the dissolution of wheat proteins.
SDS-PAGE was carried out to reveal the composition of soluble protein. As shown in Fig. 2 , in the anode water (A) added to wheat flour, two bands which were not detected in cathode water (C) or tap water (T) appeared in the position of approximately 14 kD and 70 kD in molecular weight. These two bands were derived from gluten, because the same bands appeared in gluten (G) solution which was used as a reference protein. The protein of approximately 70 kD in molecular weight seemed to be one of the high molecular weight glutenin-subunits Tatham et al., 1990) . In addition, the bands estimated to be the low molecular weight glutenin-subunit (MW. 42-51 kD, Khatkar & Schofield, 1997) and gliadin (MW. 30-40 kD, Khatkar & Schofield, 1997) were detected in the anode water (A) more abundantly than in the tap water (T) or cathode water (C). SDS-PAGE pattern of the cathode water was similar to that of the tap water.
From these results, we concluded that hardness and springiness ("chewiness" in the sensory test) of the cooked noodles made by kneading wheat flour with anode water were improved by the increase in solubility of glutenin and gliadin by a low pH of anode water. We should further examine how the anode water promotes the development of gluten-matrix in respect to ORP.
Effect of weakly electrolyzed water used for cooking on the properties of the cooked noodles Wheat flour was kneaded with anode water that was effective for the texture modification of cooked noodles, and the noodles were cooked in anode water, cathode water, or tap water.
As shown in Table 5 , the water uptake of the noodles cooked in cathode water was significantly higher than that cooked in tap water (see the data shown in Table 2 of "Anode water" cooked in tap water). No significant differences in the water content, the pH value or the degree of gelatinization were seen between the noodles cooked in electrolyzed water and tap water.
The L * value of noodles cooked in anode and cathode waters were significantly higher than those of noodles cooked in tap water. This indicates that the use of electrolyzed water was effective in increasing the luster of cooked noodles. The Ϫa* value indicating the green color of the noodles cooked in anode water was significantly higher than that of the noodles cooked in tap water. The ϩb * values of those cooked in anode and cathode waters were significantly higher than that of noodles cooked in tap water. The high ϩb * value of those cooked in cathode water meant that the flavonoid compounds contained in wheat became yellowish in high pH cathode water. On the other hand, the change in color of noodles cooked in anode water could be the result of using an aluminum pot for boiling. Aluminum ions leached out from the pot in anode water and aluminum ions might change the flavonoid compounds to yellowish green. These changes in color of the noodles cooked in electrolyzed water seem to be noticeable to the consumer, because the color difference between the noodles cooked in electrolyzed water and tap water exceeded 3. However, change in the material of the pot could prevent the change of color of the noodles cooked in anode water.
No significant difference in hardness value was seen between the noodles cooked in electrolyzed water and tap water. However, springiness values of the noodles cooked in anode and cathode waters were both significantly lower compared with that cooked in tap water. Hirata and Iyama (1985) reported that the springiness of cooked noodles is related to the difference of hardness between the external and the internal portions of the noodles, in addition to the development of gluten-matrix. We assumed that the weak springiness of the noodles cooked in electrolyzed water was caused by the decrease of difference in hardness between the external and the internal portions of the noodles. The decrease of difference between the hardness of those cooked in electrolyzed water and tap water may be due to the difference in gelatinization condition of wheat starch. To clarify the effect of electrolyzed water on the gelatinization condition of wheat starch, we measured the pasting properties of this starch with the RVA.
As shown in Table 6 , in comparison with tap water, the pasting temperature was significantly higher and lower when the starch was heated in anode water and cathode water, respectively. The maximum and minimum viscosities were significantly decreased and the set back value was significantly increased when anode water was used. The maximum viscosity and the breakdown value were significantly increased and the final viscosity was significantly decreased when cathode water was used.
These results proved that the gelatinization conditions were changed when wheat starch was heated in electrolyzed water. The decrease in maximum and minimum viscosities in anode water suggested that the glycosidic linkages of starch molecules were partially hydrolyzed during heating at a low pH. On the other hand, the increase in the maximum viscosity and the breakdown in cathode water suggested that the swelling and breaking of starch molecules were promoted by loosening of the hydrogen bond during heating at a high pH. It was suggested that when noodles were cooked in electrolyzed water, the decay of starch molecules was promoted and much water diffused inside, resulting in decrease in the difference between the hardness of the external and the internal portions of the noodles. Thus, the springiness of the noodles cooked in electrolyzed water was weaker than those cooked in tap water. Especially, when anode water was used, the springiness of cooked noodles was markedly weakened, and the stickiness was significantly increased compared with tap water. Therefore, anode water was more effective for the modification in modifying gelatinization conditions of wheat starch than cathode water.
The springiness of cooked noodles greatly influences the preference for Japanese wheat noodles. Therefore, we concluded that the use of electrolyzed water for cooking Japanese wheat noodles is not suitable, because it deteriorates the springiness of the cooked noodles. The noodles were made by kneading wheat flour with anode water, and cooked in anode water, cathode water or tap water. b) Control. *, ** and *** mean significance at 5, 1 and 0.1% levels, respectively, between the values obtained for noodles cooked in anode or cathode water and the control. 
